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Description

[0001] The present invention relates to an electronic
control apparatus to control a control target in accord-
ance with an object-oriented program.

[0002] In an electronic control apparatus to control for
example a vehicle engine, a program for engine control
use executed by a microcomputer (specifically, a CPU
of a microcomputer) is proposed for each type of control.
For example, relating to fuel injection control, a program
has been devised for each type of control, such as ordi-
nary injection control synchronized to engine rotation
speed, injection control asynchronous with engine rota-
tion speed, or fuel cutoff control during high rotation. This
method has numerous common portions in each pro-
gram.

[0003] It is therefore proposed in U.S. patent applica-
tion No. 09/104,967 (EP 0 892 342 A2) to devise a control
program (perform programming) by an object-oriented
approach, similarly to a case of a personal computer or
the like, in an electronic control apparatus of this type as
well. Here, an object is a software module uniting data
and a program (method) which is a procedure to process
this data, and with object-oriented programming, all func-
tions of a control program are subdivided into each unit
function for each component or the like, and an object is
provided for each of these unit functions. Accordingly,
with object-oriented programming, a way of thinking
known as inter-object message communication to per-
form exchange of messages between objects is utilized
to link respective objects.

[0004] However, in an electronic control apparatus of
this type, even when devising of a control program thereof
with object orientation is attempted, there exists no ef-
fective measures to cause exchange of messages
among the respective objects (i.e., inter-object message
communication) to be realized. That s, the proposed ap-
paratus still requires a large amount of storage area of
RAM, because the values of a program counter and var-
ious registers must be stored in a stack area of RAM. In
particular, the larger becomes the number of nesting (i.e.,
combinations of calls composed of multiple hierarchical
levels), the markedly greater becomes the consumed
storage area of RAM. Thus, effective use of memory re-
sources are restricted.

[0005] Itis anobject of the presentinvention to provide
an electronic control apparatus capable of performing
the process of objects formed by dividing a control pro-
gram into respective unit functions in real time without
requiring a lot of memory resources and capable of re-
alizing time waiting process easily.

[0006] According to the present invention, a plurality
of means for unit processing are provided to respectively
perform processing, in accordance with an object of a
program subdivided into each unit function for controlling
a control target, to realize the respective unit functions.
Here, the unit processing means are functional means
realized by operation of a CPU of a microcomputer. Ac-
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cordingly, any one of the plurality of unit processing
means selectively performs a processing task, and to-
gether therewith, by the respective unit processing
means issuing a message as a processing request to
other unit processing means which is an output designa-
tion of a message thereof perform processing.

[0007] Inone aspect, the message generated by each
unit processing means is categorized into the first type
message which does not contain the count value for in-
dicating the delay time until the time when the destination
unit processing means of the message starts the process
operation and the second type message which contains
the count value.

[0008] The electronic control apparatus is provided
with a first storage control means for storing a first type
message generated from a unit processing means in a
first message storage means and an activation control
means. The activation control means reads out the first
type message which has been first stored among first
type messages stored in the first message storage
means at the time point when any one of a plurality of
unit processing means has completed the process oper-
ation, activates the destination unit processing means of
the read out first type message to start the process, and
deletes the read out first type message from the first mes-
sage storage means.

[0009] As a result, when any one of unit processing
means starts the process operation and sends out the
first type message to another unit processing means dur-
ing the process operation, the first type message is stored
in the first message storage means by the first storage
control means. When the process operation of the unit
processing means which has generated the first type
message is completed, from that time point, the process
of the destination unit processing means of the stored
first type message is started. When an object in process
operation generates a first type message to any one of
objects, the first type message is stored temporarily in
the first message storage means, and when the process
of the object which has generated the first type message
is completed, the process of the destination object of the
stored first type message is immediately performed.
[0010] Furthermore, when unit processing means suc-
cessively generates first type messages to a plurality of
unit processing means during process operation, the first
type messages are successively stored in the first mes-
sage storage means by the first storage control means.
When the process operation of the unit processing
means which had generated the first type messages is
completed, the process of destination unit processing
means of the stored plurality of first type messages is
performed in the storing order of the first type messages
(output order).

[0011] In another aspect of the electronic control ap-
paratus, when a unit processing means sends a timer
message (second type message which contains the
count value for indicating the delay time until the starting
of the process operation) to the unit processing means
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itself or another unit processing means during the proc-
ess operation, the timer message is stored in timer mes-
sage storage means by timer message storage control
means. The count value of the timer message stored in
the timer message storage means is reduced by a pre-
determined value every time when a predetermined
event occurs. When the count value reaches a predeter-
mined set value, the process of the unit processing
means corresponding to the destination of the timer mes-
sage is started.

[0012] As a result, the process of unit processing
means corresponding to the destination of the timer mes-
sage is performed after an elapse of a time corresponding
to the count value contained in the timer message, the
time waiting process, that is, the process of a specific
object (process of a unit processing means) is started
after an elapse of a predetermined time from a certain
time point, can be realized easily.

[0013] The above and other objects, features and ad-
vantages of the present invention will become more ap-
parent from the following detailed description made with
reference to the accompanying drawings. In the accom-
panying drawings:

FIG. 1is a block diagram showing an electronic con-
trol apparatus (ECU) according to an embodiment
of the present invention;

FIG. 2 is a schematic diagram showing a relation
between control targets stored in a ROM and a mes-
sage delivery control unit;

FIG. 3 is a schematic diagram showing a connection
information database;

FIG. 4 is a state transition diagram showing state
transition of the message delivery unit;

FIG. 5 is a flow diagram showing an initialization
process of the message delivery unit;

FIG. 6 is a flow diagram showing serialization proc-
ess of the message delivery unit;

FIG. 7 is a flow diagram showing message queuing
process of the message delivery unit;

FIGs. 8A to 8D are schematic diagrams showing
message queuing processes;

FIG. 9 is a flow diagram showing the message de-
livery processes of the message delivery unit;
FIGs. 10A to 10C are schematic diagrams showing
the message delivery processes;

FIG. 11 is a flow diagram showing a timer message
queuing process of the message delivery unit;
FIGs. 12A to 12D are schematic diagrams showing
timer message queuing processes;

FIG. 13 is a flow diagram showing a timer clock proc-
ess of the message delivery unit;

FIGs. 14A to 14C are schematic diagrams showing
the timer clock processes;

FIG. 15 is a flow diagram showing a timer message
deletion process of the message delivery unit;

FIG. 16A to 16C are schematic diagrams showing
the timer message deletion process;
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FIG. 17 is a timing diagram showing a data commu-
nication rule between the ECU and the tester;

FIG. 18 is a message sequence diagram showing
the process outline of objects for controlling data
communication with the tester;

FIG. 19 is a message sequence diagram showing a
response message transmission process portion en-
closed in hexagonal frames in FIG. 18;

FIG. 20 is a schematic diagram showing methods of
objects for controlling data communication with the
tester;

FIG. 21 is a flow diagram showing a request mes-
sage reception notice process method of a service
object;

FIG. 22 is a flow diagram showing a response mes-
sage acquisition process method of the service ob-
ject;

FIG. 23 is a flow diagram showing a rotation speed
storage process method of the service object;

FIG. 24 is aflow diagram showing a reception waiting
process method of a communication handler object;
FIG. 25 is a flow diagram showing a tester reading
process method of the communication handler ob-
ject;

FIG. 26 is a flow diagram showing a response start
process method of the communication handler ob-
ject;

FIG. 27 is a flow diagram showing a transmission
process method of the communication handler ob-
ject; and

FIG. 28 is a flow diagram showing a rotation speed
acquisition process method of a rotation sensor ob-
ject.

[0014] An electronic control apparatus according to an
embodimentof the presentinvention is described in detalil
hereinafter with reference to the drawings.

[0015] First, FIG. 1 is a block diagram for illustrating
the hardware structure of an electronic control apparatus
(referred to as ECU hereinafter) 1 of the embodiment
designed for controlling an internal combustion type en-
gine mounted on an automobile.

[0016] As shown in FIG. 1, ECU 1 is provided with an
input circuit 2 for receiving signals generated from vari-
ous sensors, for example, a rotation sensor for generat-
ing pulse signals generated every predetermined angular
rotation (for example 30 degrees CA) of a crankshaft of
an engine and a coolant temperature sensor for gener-
ating analog signals corresponding to the temperature
of coolant water of the engine, a failure diagnosis com-
munication circuit 7 connected to the ECU 1 through a
communication line 9 for communicating the data with
external units (referred to as tester hereinafter) 8, a CPU
(central processing unit) 3 which calculates the optimal
control quantity for the engine based on signals supplied
from the input circuit and generates control signals based
on the calculation result, and communicates the data for
failure diagnosis with the tester 8 through the communi-
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cation circuit 7 when the tester 8 is connected to the ECU
1, an output circuit 4 for receiving control signals from
the CPU 3 to drive actuators such as a throttle valve of
the engine and an injector (fuel injection valve), a non-
volatile ROM 5 for storing programs to be performed by
the CPU 3 and the data to be referred to when the pro-
gram is performed, and a volatile RAM 6 for temporarily
storing calculation results of the CPU 3.

[0017] In the ECU 1, the CPU 3, ROM 5, and RAM 6
are main components of a microcomputer, and the mi-
crocomputer is provided with an 1/O port for supporting
the CPU 3 to communicate signals between the input
circuit 2 and the output circuit 4, and a serial communi-
cation interface comprising a reception register and
transmission register for supporting the CPU 3 to com-
municate the data with the tester 8 through the commu-
nication circuit 7, though these components are not
shown in the drawing. A part of memory area of the RAM
6 is set as a back-up RAM which is capable of retaining
the stored content when the power supply to the ECU 1
is shut down.

[0018] In the ECU 1 of the present embodiment, the
control program (in detail, communication control pro-
gram with the tester 8 and engine control program) and
data which are stored in the ROM 5 and performed by
the CPU 3 are programmed according to the object ori-
ented programming. The ECU 1 of the present embodi-
ment is provided with a message delivery control unit
shown in FIG. 2 as means for realizing the communica-
tion between objects.

[0019] FIG. 2is for illustrating the conceptual diagram
showing the relation between control targets stored in
the ROM 5 and the message delivery control unit 10. The
message delivery control unit 10 is not a hardware but
is a functional part which is realized by means of opera-
tion of the CPU 3 according to the message delivery con-
trol target stored in the ROM 5.

[0020] The message delivery control unit 10 is de-
scribed addressing on the program for communicating
the data with the tester 8.

[0021] First, as shown in FIG. 2, the ROM 5 contains
a service object OB1 served for preparation of the data
to be transmitted to the tester 8 as an object for controlling
the data communication with the tester 8, a communica-
tion handler object OB2 for communicating signals with
the tester 8, and a rotation sensor object OB3 for calcu-
lating the engine rotation speed based on the signal sup-
plied from the rotation sensor. The rotation sensor object
OB3 is served also as the object for controlling the en-
gine.

[0022] The ROM 5 also contains objects OB4 to OBn
in addition to the objects OB1 to OB3, objects for realizing
the function of the message delivery control unit 10 (mes-
sage delivery control target) and timer objects which are
activated every predetermined time are included among
these objects.

[0023] In the ECU 1 of the present embodiment, the
process sequence of the objects OB1 to OBn is deter-
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mined according to the virtual inter-object message com-
munication in which the objects OB1 to OBn transmit
messages for asking the process to the object itself or
other objects to activate the object which receives a mes-
sage.

[0024] In the ECU 1 of the present embodiment, the
message is categorized into the object message and the
timer message. The former is the first type message
which does not contain the count value for indicating the
delay time until the object corresponding to the destina-
tion of the message starts the process operation (referred
to as time counter hereinafter) and the latter is the second
type message which contains the timer counter.

[0025] An object message contains an object identifi-
cation number for indicating the destination object of the
message (referred to as OID hereinafter) and a method
identification number (referred to as MID hereinafter) for
indicating the method to be executed among methods
which are component of the destination object as the
content, and a timer message contains the above-men-
tioned timer counter in addition to the OID and MID as
the content. An object message and timer message can
contain an argument additionally as the content. As a
term including the object message and timer message,
a term "message" is used hereinafter.

[0026] Next, the message delivery control unit 10 for
realizing the inter-object message communication
serves two functions. The former function is that an object
message generated from an object is subjected to queu-
ing, the object message thatis queued firstamong above-
mentioned queued object messages is read out every
time when a predetermined delivery condition is held,
and the read out object message is delivered to the des-
tination object of the message. The latter function is that
a timer message generated by an object is subject to
queuing, the timer counter of the queued timer message
is reduced by a predetermined value every time (reduced
by 1 in the present embodiment). When the timer counter
value reaches a predetermined set value (0 in the present
embodiment) the timer message is delivered to the des-
tination object of the message as an object message.
[0027] "Queuing" means the operation for performing
insertion storage ofadatainaqueue, and "queue" means
a waiting line in which data is inserted on one end of a
data structure and a data is deleted on the other end.
"Delivery" means the starting of process of a destination
object of a message (in detail, execution of a method of
an object specified by a message).

[0028] As shownin FIG. 2, the message delivery con-
trol unit 10 is provided with an object message storage
unit 12 (equivalent to the first message storage means)
for queuing object messages from each object, a timer
message storage unit 13 (equivalent to the second mes-
sage storage means) for queuing timer messages from
each object, and a free memory block storage unit 14 for
providing memory blocks to the object message storage
unit 12 and timer message storage unit 13 for storing
(queuing) the message.
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[0029] Herein, the object message storage unit 12, the
timer message storage unit 13, and the free memory
block storage unit 14 are included in the memory area of
the RAM 6, and the capacity varies dynamically. The
memory block corresponds to the unit capacity of storage
units 12, 13 and 14, and equivalent to a capacity unit
which is capable of storing 1 message.

[0030] Indetail, firstthe predetermined number (for ex-
ample, 10) of memory blocks has been secured previ-
ously in the RAM, and at the starting, all the memory
blocks function as the free memory block storage unit
14. When an object message is generated from an object,
1 memory block which is a component of the free memory
block storage unit 14 is reduced and 1 memory block
which is a component of the object message storage unit
12 increases instead, and the object message is stored
(queued) in the incremental memory block.

[0031] Similarly, when a timer message is generated
from an object, 1 memory block which is a component of
the free memory block storage unit 14 is reduced and 1
memory block which is a component of the timer mes-
sage storage unit 13 is increased instead, and the timer
message is stored in the incremental memory block.
[0032] On the other hand, when an object message is
read out from the object message storage unit 12 and
delivered to an object, the memory block where the object
message is stored is returned from the object message
storage unit 12 to the free memory block storage unit 14.
[0033] Furthermore, as described hereinafter, a timer
message having the timer counter of 0 among timer mes-
sages queued in the timer message storage unit 13 is
re-queued from the timer message storage unit 13 to the
object message storage unit 12 as an object message,
and the re-queued message is read out from the object
message storage unit 12 and delivered to the corre-
sponding object in the same way as in the case of an
original object message generated from an object. When
such timer message is re-queued, the memory block
where the timer message has been stored is transferred
to the object message storage unit 12.

[0034] Accordingly, to describe the mechanism con-
ceptually, all the memory blocks secured in the RAM 6
are contained first in the free memory block storage unit
14. When an object message or a timer message is gen-
erated from an object, 1 memory block is delivered (rel-
egated) to the object message storage unit 12 or the timer
message storage unit 13 and the message is stored in
the delivered memory block. When an object message
queued inthe object message storage unit 12 is delivered
to the destination object, the memory block where the
object message has been stored is returned from the
object message storage unit 12 to the free memory block
storage unit 14 for re-using.

[0035] A memory block where an object message is
stored is referred to as an object message block, a mem-
ory block where a timer message block is stored is re-
ferred to as a timer message block, and a memory block
where no effective message is stored is referred to as a
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free memory block hereinafter. As a term including the
object message block, timer message block, and free
memory block, a term "Memory block" is used hereinaf-
ter.

[0036] On the other hand, furthermore, the message
delivery unit 10 is provided with a connection information
data base 16 to specify the destination of an object mes-
sage read out from the object message storage unit 12,
that is, to specify the address in the ROM 5 where the
method of the object which OID and MID contained in
the read out message indicates is stored.

[0037] The connection information data base 16 com-
prises a stored data table which correlates combinations
of OID and MID with head addresses (that is, execution
starting address) in the ROM 5 where respective meth-
ods indicated by means of combinations are stored as
shown in FIG. 3. For example, in the data table shown
in FIG. 3, the method of the object having OID of n and
MID of m is stored in the ROM 5 as the address having
the head of "Anm". The connection information data base
16 comprising the data table as described above is stored
previously in the ROM 5 together with objects.

[0038] Next, the state transition and function of the
message delivery unit 10 are described with reference
to FIG. 4. Herein, FIG. 4 is a state transition diagram of
the message delivery control unit 10. The process per-
formed by the message delivery control unit 10 described
hereinunder is actually realized by operation of the CPU
3 according to the method of a message delivery control
target stored in the ROM 5.

[0039] The message delivery control unit 10 is in
turned off as shown by (a) in FIG. 4 while an ignition
switch of a vehicle has been turned off and the micro-
computer of the ECU 1 is not in operation. When, for
example, an ignition switch is turned from off to on or the
microcomputer is reset, and initialization is requested,
the initialization process is performed as shown by (b) in
FIG. 4, and then the message delivery control unit 10 is
brought into a state of message waiting as shown by (c)
in FIG. 4.

[0040] Inthe initialization process shown by (b) in FIG.
4, as shown in FIG. 5, first the object message storage
unit 12 and the timer message storage unit 13 are initial-
ized in S50 and S55. In detail, free memory blocks held
by the object message storage unit 12 and the timer mes-
sage storage unit 13 are delivered to the free memory
block storage unit 14. Next, the free memory block stor-
age unit 14 is initialized in S60. In detail, when a message
is generated from an object, the free memory blocks held
by the free memory block storage unit 14 become ready
to be delivered to the object message storage unit 12
and the timer message storage unit 13.

[0041] After completion of such initialization process-
es, the message delivery control unit 10 is brought into
the state of message waiting.

[0042] The state of message waiting is a state in which
an object generated from an object is ready to be queued
in the object message storage unit 12 or the timer mes-
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sage storage unit 13. When an ending is requested, for
example, an ignition switch is turned off in this state, the
message delivery control unit 10 performs serialization
process as shown by (d) in FIG. 4, and then returns to
the off state as described above.

[0043] Inthe serialization process shown by (d) in FIG.
4, as shown in FIG. 6, the data stored in the object mes-
sage storage unit 12 and the timer message storage unit
13 are evacuated to the backup RAM in S70 and S75
respectively, and next the data stored in the free memory
block storage unit 14 is evacuated to the backup RAM in
S80. After completion of the serialization process as de-
scribed above, the message delivery control unit 10 is
brought into off state.

[0044] On the other hand, when an object message is
generated from an object in state of message waiting,
the message delivery control unit 10 performs message
queuing process as shown by (e) in FIG. 4 so as to queue
the object message from the object in the object message
storage unit 12, and returns to the state of message wait-
ing.

[0045] In the present invention, an object message is
generated in response to generation of a message trans-
mission request by the object. In the description herein-
after, the object message having OID of n (=1, 2, ....) and
MID of m (=1, 2, ....) as the message content is referred
to as "Object message (n, m)" particularly, and the mes-
sage transmission request for generation of the object
message (n, m) is referred to as "Message transmission
request (n, m)".

[0046] In the message queuing process performed
when an object generates an object message (message
transmission request), as shown in FIG. 7, first whether
a free memory block can be acquired from the free mem-
ory block storage unit 14 (that is, whether there is any
free memory block in the free memory block storage unit
14) is checked in S100. If a free memory block can be
acquired, then the free memory block located at the head
among memory blocks, that is, the free memory block
that is queued first among free memory blocks queued
in the free memory block storage unit 14, is acquired.
[0047] The object message generated now from the
object is stored in the free memory block acquired as
described above in S120. In detail, the content of the
object message that is, OID and MID or OID, MID, and
additional argument is stored in the free memory block.
[0048] In the subsequent S130, the memory block in
which the object message has been stored in S120 is
queued in the object message storage unit 12. In other
words, the memory block in which the object message
has been stored is registered in the tail of the object mes-
sage block in the object message storage unit 12 as an
object message block. After the process in S130, the
message queuing process is brought to an end.

[0049] If a free memory block cannot be acquired in
S100 (that is, there is no free memory block in the free
memory block storage unit 14), then an error message
is sent to the method of the object which has generated
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the message transmission request, and a fail-safe proc-
ess is performed thereby.

[0050] When the message queuing process is per-
formed, the head free memory block E1 is selected from
among free memory blocks E1 to Emin the free memory
block storage unit 14 as shown in FIG. 8A with shading
and the free memory block E1 is acquired as shown in
FIG. 8B (S100: YES, S110).

[0051] The content of the object message generated
now from the object is stored in the acquired free memory
block E1 (S120) as shown in FIG. 8C, and finally the
memory block E1 in which the content of the object mes-
sage is stored is registered after the object message
blocks M1 to Mn in the object message storage unit 12
as the object message block Mn+1 (S130) as shown in
FIG. 8D, and the queuing of the object message in the
object message storage unit 12 is brought to an end.
[0052] In this state, the object message block M in the
object message storage unit 12 increases by 1, and in-
stead the free memory block E in the free memory block
storage unit 14 decreases by 1 as shown in FIG. 8D. As
shown in FIG. 8D in bracket, the second head free mem-
ory block E2 in the free memory block storage unit 14
becomes the head free memory block E1, and the free
memory block Em located at the m-th position initially
becomes the (m-1)-th free memory block Em-1.

[0053] On the other hand, next the message delivery
control unit 10 is brought into the state of message de-
livery as shown by (g) in FIG. 4 when the object generates
a message delivery request as shown by (f) in FIG. 4 in
the state of message reception waiting.

[0054] In the state of message delivery, as shown by
(h) in FIG. 4, if there is an object message queued in the
object message storage unit 12, then message delivery
process described hereinafter is performed. The queued
object message is delivered (that is, execution of the
method of the object specified by means of the object
message). On the other hand, if there is no queued object
message in the object message storage unit 12 as shown
by (i) in FIG. 4, then the sequence returns to the state of
message reception.

[0055] In the state of message delivery, when the ob-
ject in execution generates a message transmission re-
quest (object message), the message queuing process
shown in FIG. 7 is performed as shown by (j) in FIG. 4
in the same manner as performed in the state of message
reception waiting.

[0056] AsshowninFIG.9,the message delivery proc-
ess is performed when an object generates a message
delivery request or when execution of the method of an
object is completed, first in S210, whether there is any
queued object message in the object message storage
unit 12 (that is, an object message block can be acquired
from the object message storage unit 12) is checked. If
there is a queued object message, then the head object
message block among the object message blocks, that
is, the object message block queued first out of object
message blocks queued in the object message storage
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unit 12, is acquired, and the message content (OID and
MID) stored in the object message block is: read out.
[0057] Next, in S230, the object message block ac-
quired in the S220 is registered at the tail of free memory
blocks in the free memory block storage unit 14 as a free
memory block.

[0058] Inthe subsequent S240, the head address (ex-
ecution starting address) of the ROM 5 in which the meth-
od of the object corresponding to OID and MID that is,
the message content read out in the S220 is figured out
by means of retrieval from the connection information
database 16, and the execution starting address figured
out in the S240 is called in the subsequent S250.
[0059] Then, the execution target of the program per-
formed by the CPU 3 is transferred to the head of the
method of the object corresponding to the message con-
tentread outin S220, and the object message is delivered
thereby. After the completion of the process execution
of the method, the message delivery process is per-
formed again from the S210.

[0060] Ifitis found that there is no queued object mes-
sage in the object message storage unit 12 in the S210
(that is, an object message block cannot be acquired
from the object message storage unit 12), then the se-
quence returns to the state of message reception waiting
asitis.

[0061] Accordingly, when the message delivery proc-
ess is performed, the head object message block M1 is
selected from among object message blocks M1 to Mn
in the object message storage unit 12 as shown in FIG.
10A. As shown in FIG. 10B, the object message block
M1 is acquired, and the message content stored in the
object message block M1 is read out (S210: YES, S220)
[0062] Furthermore, as shown in FIG. 10C, the object
message block M1 is registered (S230) at the tail of free
memory blocks E1 to Em in the free memory block stor-
age unit 14 as the free memory block Em+1 after the
message content has been read out, and the execution
of the method of the object corresponding to the message
content read out from the object message block M1 is
started.

[0063] Furthermore, in this state, as shown in FIG.
10C, the free memory block E in the free memory block
storage unit 14 increases by 1, and instead the object
message block M in the object message storage unit 12
decreases by 1. As shown in FIG. 10C in bracket, the
object message block M2 located at the second head
position in the object message storage unit 12 becomes
the head object message block M1, and the object mes-
sage block Mn located initially at the n-th position be-
comes the (n-1) -th object message block Mn-1.

[0064] On the other hand, furthermore the message
delivery control unit 10 performs timer message queuing
process as shown by (k) in FIG. 4 when an object gen-
erates a timer message in the state of message reception
waiting to queue the timer message generated from the
object in the timer message storage unit 13, and then
returns to the state of message reception waiting. The
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message delivery control unit 10 performs timer message
queuing process as shown by (1) in FIG. 4 when an object
in execution generates a timer message in the state of
message delivery as in the case of the state of message
reception waiting, and queues the timer message gen-
erated from the object in the timer message storage unit
13.

[0065] In the present embodiment, an object gener-
ates atimer message transmission request to cause gen-
eration of a timer message. In the description presented
hereinafter, the timer massage having the message con-
tentof OIDofn(=1,2,....)and MIDof m (=1, 2, ...) and
having the timer counter of P (= P1, P2, ..., wherein P1,
P2, ... are integers) is referred to as "timer message (n,
m, P)" particularly, and the timer message transmission
request for generation of the timer message (n, m, P) is
referred to as "timer message transmission request (n,
m, P)".

[0066] In the timer message queuing process per-
formed when an object generates a timer message (timer
message transmission request), as shown in FIG. 11,
whether a free memory block can be acquired from the
free memory block storage unit 14 (that is, whether there
is a free memory block in the free memory block storage
unit 14) is checked in S300. If a free memory block can
be acquired, then the head free memory block among
free memory blocks is acquired in the subsequent S300.
[0067] Next in S320, the timer message generated
from the object now is stored in the acquired free memory
block. In detail, the content of the timer message that is,
OID, MID, and timer counter, or additional argument are
stored in the free memory block.

[0068] In the subsequent S330, the memory block in
which the timer message is stored in the S320 is queued
in the timer message storage unit 13. In other words, the
memory block in which the timer message is stored is
registered at the tail of the timer message block as atimer
message block in the timer message storage unit 13.
After the processing in S330, the timer message queuing
process is brought to an end.

[0069] Ifitis found that a free memory block cannot be
acquired, then an error message is sent to the method
of the object which generates the timer message trans-
mission request, and a predetermined fail-safe process
is thereby performed.

[0070] Accordingly, when the timer message queuing
process is performed, the head free memory block E1 is
selected from among free memory blocks E1 to Em in
the free memory block storage unit 14 as shown in FIG.
12A with shading, and the free memory block E1 is ac-
quired as shown in FIG. 12B (S300: YES, S310).
[0071] As shown in FIG. 12C, the content of the timer
message generated this time from the object is stored in
the acquired free memory block E1 (S320), and finally
as shown in FIG. 12D, the memory block E1 in which the
content of the timer message is stored is registered at
the tail of timer message blocks T1 to Tn in the timer
message storage unit 13 as the timer message block
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Tn+1 (S330), and the timer message queuing process
in the timer message storage unit 13 is brought to an end.
[0072] In this state, as shown in FIG. 12D, the timer
message block T increases by 1 in the timer message
storage unit 13, and instead the free memory block E in
the free memory block storage unit 14 decreases by 1.
As shown in FIG. 12D in bracket, the free memory block
E2 initially located at the second position in the free mem-
ory block storage unit 14 is shifted to the head free mem-
ory block E1, and the free memory block Em initially lo-
cated at m-th position is shifted to the (m-1) -th free mem-
ory block Em-1.

[0073] Ontheotherhand, the message delivery control
unit 10 performs timer clock process as shown by (m) in
FIG. 4 when the message delivery control unit 10 re-
ceives a timer clock request in the state of message re-
ception waiting, and then returns to the state of message
reception waiting. Furthermore the message delivery
control unit 10 performs timer clock process as shown
by (n) in FIG. 4 when the message delivery control unit
10 receives a time clock request also in the state of mes-
sage delivery.

[0074] In the present embodiment, the timer clock re-
quest is as a notice for indicating the generation of an
event of a passage of a predetermined time t from a timer
object which is activated every predetermined time t (for
example, 1 ms) as interruption process. The timer clock
request generated as the event may be, for example, the
rising edge or falling edge of a clock signal supplied from
the external to the CPU 3.

[0075] In the timer clock process performed corre-
spondingly to the timer clock request every predeter-
mined time t, whether there is any timer message to be
processed in the timer message storage unit 13 is
checked in S400 as shown in FIG. 13.

[0076] In S400, in the case that there is no timer mes-
sage block which constitutes the timer message storage
unit 13 (that s, in the case that there is no queued timer
message in the timer message storage unit 13) or in the
case that, though there is some timer message blocks
which constitute the timer message storage unit 13, all
the timer message blocks have been subjected already
to the S410 and S420 processes described hereinafter,
the timer message storage unit 13 is determined to have
no timer message to be processed.

[0077] If it is found that there is no timer message to
be processed in the timer message storage unit 13 in the
S400, then the timer clock process is brought to an end,
on the other hand if it is found that there is a timer mes-
sage to be processed in the timer message storage unit
13 in the S400, then the sequence proceeds to S410,
one of timer message blocks which constitute the timer
message storage unit 13 is set as the processing target
in this process, and the timer counter of the timer mes-
sage which is stored in the process target timer message
block is subtracted by 1. In S410, the timer message
block in the timer message storage unit 13 is set as the
processing target from the head successively every time
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when the S410 process is performed in one time clock
process.

[0078] Nextin S420, whether the timer counter reach-
es 0 after subtraction by 1 in the S410 is checked, and
if it is found that the timer counter has reached 0, then
the sequence proceeds to S430, the timer message
stored in the processing target timer message block (that
is, the timer message with the timer counter which has
reached 0 by means of subtraction by 1 in S4101 is re-
queued in the object message storage unit 12 as an ob-
ject message.

[0079] In detail, the processing target timer message
block is transferred from the timer message storage unit
13 to the object message storage unit 12, at that time,
the processing target timer message block is registered
at the tail of the object message block in the object mes-
sage storage unit 12. In this case, because the timer
counter is not referred in the message delivery process
shown in FIG. 9, the timer message block can be trans-
ferred to the object message storage unit 12 as an object
message block as it is. A unnecessary timer counter of
0 may be deleted from the timer message block to be
transferred to the object message storage unit 12.
[0080] After the S420 process is performed, or if it is
found that the timer counter after subtraction by 1 does
not reach 0 in the S420, the sequence returns to S400.
[0081] Accordingly, when the timer clock process is
performed, timer message blocks queued in the timer
message storage unit 13 are set successively from the
timer message block queued first and the timer counter
of the timer message stored in each timer message block
is subtracted by 1 (S410), as aresult the respective timer
counters of timer messages queued in the timer message
storage unit 13 are subtracted one by one every prede-
termined time t when the timer clock process is per-
formed.

[0082] During the process described above, for exam-
ple, as shown in FIG. 14A with shading, when the timer
counter of the timer message stored in the timer message
block Te located at the e-th position from the head among
timer message blocks T1 to Tn is brought to 0 by sub-
traction by 1, the timer message block Te is taken out
from the timer message storage unit 13 and registered
at the tail of object message blocks M1 to Mn in the object
message storage unit 12 as the object message block
Mn+1 as shown in FIG. 14B and FIG. 14C (S420: YES,
S430). In this state, as shown in FIG. 14C, the object
message block M increases by 1 in the object message
storage unit 12, and instead the timer message block T
decreases by 1 in the timer message storage unit 13.
[0083] Asaresult, the respective timer counters of tim-
er messages queued in the timer message storage unit
13 are subtracted by 1 every predetermined time t, and
the timer message with the timer counter which has
reached 0 is re-queued (stored) from the timer message
storage unit 13 to the object message storage unit 12.
[0084] The timer message re-queued as an object
message is delivered by means of message delivery
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process shown in the FIG. 9 quite like an original object
message generated from an object, and the method of
the object specified by OID and MID of the message is
executed.

[0085] When a timer message (x, y, Pz) is generated
from an object and the timer message (x, y, Pz) is queued
in the timer message storage unit 13 by means of timer
message queuing process shown in FIG. 11, after the
time (=t X Pz) equivalent to the timer counter Pz of the
timer message (x, y, Pz) elapses, the method y of the
object x specified by OID and MID of the timer message
(x, y, Pz) is executed.

[0086] On the other hand, when an object generates
a timer message deletion request as a deleting request
in the state of message reception waiting, the message
delivery control unit 10 performs the timer message de-
letion process as shown by (o) in FIG. 4 to delete the
timer message corresponding to the timer message de-
letion request from the timer message storage unit 13,
and then returns to the state of message reception wait-
ing. Furthermore, also when the object in execution gen-
erates a timer message deletion request in the state of
message delivery, the message delivery control unit 10
performs timer message deletion process as shown by
(p) in FIG. 4 as in the state of message reception waiting
to delete the timer message corresponding to the timer
message deletion request from the timer message stor-
age unit 13.

[0087] Atimer message deletion request generated by
an object contains OID and MID for specifying a timer
message to be deleted. In the description described here-
inafter, a timer message deletion request for deleting the
timer message (n, m, P) having OID of n (=1, 2, ...) and
MID of m (=1, 2, ...) as the message content is referred
to as "timer message deletion request (n, m)".

[0088] In the timer message deletion process per-
formed when an object generates a timer message de-
letion request, as shown in FIG. 15, first in S500, the
deleting target timer message which is coincident with
OID and MID of the timer message deletion request gen-
erated from the object is found out in the timer message
storage unit 13.

[0089] Nextin S510, whether there is a deleting target
timer message in the timer message storage unit 13 is
checked, and if it is found that there is no deleting target
timer message, then the timer message deletion process
is brought to an end, on the other hand if it is found that
there is a deleting target timer message, then the se-
quence proceeds to S520, the stored content of the timer
message block which contains the deleting target timer
message among timer message blocks in the timer mes-
sage storage unit 13 is deleted.

[0090] In the subsequent S530, the timer message
block from which the stored content has been deleted in
the S520 is registered at the tail of free memory blocks
in the free memory block storage unit 14, and then the
timer message deletion process is brought to an end.
[0091] As a result, for example, as shown in FIG. 16A

10

15

20

25

30

35

40

45

50

55

with shading, in the case that the timer message (x, v,
Pz) is stored in the timer message block Tg located at
the g-th position from the head among timer message
blocks T1 to Tn in the timer message storage unit 13,
when any one of objects generates a timer message de-
letion request (X, y), the stored content of the timer mes-
sage block Tg located at the g-th position from the head
is deleted by means of S500 to 520 processes.

[0092] As shown in FIG. 16B and FIG. 16C, the timer
message block Tg from which the stored content has
been deleted is taken out from the timer message storage
unit 13 and registered at the tail of free memory blocks
E1 to Emin the free memory block storage unit 14 as the
free memory block Em+1 by means of S530 process. In
this state, as shown in FIG. 16C, the free memory block
E in the free memory block storage unit 14 increases by
1, and instead the timer message block T in the timer
message storage unit 13 decreases by 1.

[0093] As a result, when a timer message deletion re-
quest (x, y) is generated from any one of objects, the
timer message (x, y, Pz) corresponding to the timer mes-
sage deletionrequest (x, y) is deleted from the timer mes-
sage storage unit 13 as described above, therefore even
though the time (=t X Pz) equivalent to the timer counter
Pz of the timer message (x, y, Pz) elapses after the timer
message (X, ¥, Pz) has been generated from any one of
objects, the method y of the object x specified by OID
and MID of the timer message (x, y, Pz) is not executed.
[0094] To describe more clearly the message delivery
control unit 10, the detail of message communication of
objects OB1to OB3 between these objects shownin FIG.
2 and the detail of control of the data communication
between the ECU 1 and the tester 8 are described with
reference to FIG. 17 to FIG. 28.

[0095] First, arule shownin FIG. 17 is framed for com-
munication between the ECU 1 and the tester 8.

[0096] In detail, first the tester 8 transmits a request
message to ECU 1 as a data request. The ECU 1 trans-
mits the response data containing the information corre-
sponding to the received request message (rotation
speed of an engine, temperature of engine coolant water,
or the like) as the response message a predetermined
amount at a time (1 byte by 1 byte in the present embod-
iment) to the tester 8 after the time t2 has elapsed from
reception of the request message from the tester 8, at
that time the ECU 1 transmits successively response
message byte of the same type with an interval of time
t1 orlonger. FIG. 17 shows a case in which the total data
amount of the response message is 2 bytes.

[0097] The tester 8 transmits the next request mes-
sage to the ECU 1 after the time t3 or longer has elapsed
from reception of all the response data bytes from the
ECU 1. Furthermore, the tester 8 transmits a request
message again if a response message is not returned
from the ECU 1 within the time t3 from the transmission
of the request message to the ECU1.

[0098] It is defined that the time t2 is longer than the
time t1, and the time t3 is very longer than the time t1
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and time t2. P1, P2, and P3 described in bracket in FIG.
17 are integers (P1=t1/t, P2=t2/t, P3=t3/t) obtained by
dividing the times t1, t2, and t3 by the generation period
t (that is, the period of the timer clock process shown in
FIG. 13 performed by the message delivery control unit
10) of the timer clock request.

[0099] Next, the outline of the process realized by ob-
jects OB1 to OB3 shown in FIG. 2 is described with ref-
erence to message sequence charts shown in FIG. 18
and FIG. 19. Herein, an exemplary case in which the
ECU 1 returns an engine rotation speed data to the tester
8 as a response message corresponding to a request
message transmitted from the tester 8 is described. FIG.
19 is a message sequence chart corresponding to the
response message transmission process in the hexag-
onal frames in FIG. 18. In FIG. 18 and FIG. 19, (2, 1) and
(1, 1) represents the content (that is, OID value and MID
value) of an object message (n, m) generated from ob-
jects OB1to OB3,and (2, 1,P3) and (2, 3, P2) represents
the content (thatis, OID value, MID value, and timer coun-
ter value) of a timer message (n, m, P) generated from
objects OB1 to OB3.

[0100] First, when a reception waiting request mes-
sage is sent to the communication handler object OB2
as shown by [1] in FIG. 18, the communication handler
object OB2 operates (that is, the CPU 3 executes the
method of the communication handler object OB2) to set
the communication circuit 7 and the serial communication
interface in the microcomputer as to be ready for receiv-
ing the data from the tester 8.

[0101] A reception waiting request message is gener-
ated as a result of the process in which a timer message
(2,1, P3), which will be described hereinafter, is delivered
as an object message (2, 1) by means of operation of
the message delivery process (FIG. 9) and the timer clock
process (FIG. 13) of the message delivery control unit 10.
[0102] After that time, when a request message is
transmitted from the tester 8 and the request message
is stored in the reception register in the microcomputer,
a reception process request message is sent out from a
predetermined object other than the objects OB1 to OB3
to the communication handler object OB2 as shown by
[2] in FIG. 18.

[0103] Then, the communication handler object OB2
converts the received data in the reception register (that
is, the request message supplied from the tester 8) to
the data which is processable in the microcomputer, and
activates the P2 timer for time counting the time t2 and
the P3 timer for time counting the time t3.

[0104] The P2 timer is activated by generating a timer
message (in the present example, timer message (2, 3,
P2)) with a timer counter value of an integer P2 (=t2/t)
obtained by dividing the time t2 by the generation period
t of the timer clock request, and similarly the P3 timer is
activated by generating a timer message (in the present
example, timer message (2, 1, P3)) with a timer counter
value of an integer P3 (=t3/t) obtained by dividing the
time t3 by the generation period t of the timer clock re-
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quest.

[0105] Furthermore, the communication handler ob-
ject OB2 sends arequest message reception notice mes-
sage to the service object OB1 as shown by [3] in FIG.
18. At that time, the service object OB1 operates to send
out a rotation speed acquisition request to the rotation
sensor object OB3 as shown by [4] in FIG. 18.

[0106] Concomitantly with generation of the rotation
speed acquisition message, the rotation sensor object
OB3 operates first to figure out the engine rotation speed
based on a signal supplied from the rotation sensor, and
then sends out a rotation speed storage request mes-
sage to the service object OB1 as shown by [5]in FIG. 18.
[0107] Then, the service object OB1 stores the engine
rotation speed data figured out by the rotation sensor
object OB3 (in this example, 2 bytes) in a specific area
of the RAM 6. In this state, when the time t2 elapses from
activation of the P2 timer, a response start request mes-
sage is sent to the communication handler object OB2
as shown by [6] in FIG. 18, and the communication han-
dler object OB2 and the service object OB1 perform re-
sponse message transmission process for transmitting
the response message by 1 byte to the tester 8. At that
time, the response start request message is generated
as a result of the process in which the timer message (2,
3, P2), which will be described hereinafter, is delivered
as the object message (2, 3) by means of the operation
of the message delivery process (FIG. 9) and the timer
clock process (FIG. 13) of the message delivery control
unit 10.

[0108] In the response message transmission proc-
ess, firstthe communication handler object OB2 operates
concomitantly with the response start request message
to send a response message acquisition request mes-
sage to the service object OB1 as shown by [9] in FIG.
19. Then, the service object OB1 operates to read out
the engine rotation speed data by 1 byte from the specific
area of the RAM 6, and sends a data transmission re-
questmessage to the communication handler object OB2
as shown by [10] in FIG. 19. Concomitantly with gener-
ation of the data transmission request message, the com-
munication handler object OB2 operates to store the en-
gine rotation speed data of 1 byte read out from the RAM
6 by the service object OB1 which has been inverted to
the data receivable for the tester 8, and then transmits 1
byte data in the transmission register to the tester 8.
[0109] The service object OB1 reads out the engine
rotation speed data successively from the first byte at the
head from the specific area of the RAM 6 every time when
the service object OB1 operates concomitantly with gen-
eration of the response message acquisition request
message. As a result, 1 byte of the response message
(the engine rotation speed data) is transmitted from the
ECU 1 to the tester 8 every time when the response mes-
sage transmission process is performed.

[0110] Herein, the first byte of the response message
is transmitted to the tester 8 when the first response mes-
sage transmission process is performed, at that time the
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communication handler object OB2 transmits the first 1
byte of the response message to the tester 8 and then
activates P1 for time counting the time t1 as shown in
FIG. 18. The P1 timer is activated by generating a timer
message (in this example, the timer message (2, 3, P1))
with the timer counter value which is an integer P1 (=t1/t)
obtained by dividing the time t1 by the generation period
t of the timer clock request. After the time t1 from activa-
tion of the P1, a response start request message is sent
again to the communication handler object OB2 as
shown by [7]in FIG. 18, and the communication handler
object OB2 and the service object OB1 perform the sec-
ond response message transmission process. A re-
sponse start request message used at that time is gen-
erated as aresult of the process in which a timer message
(2,3, P1), which will be described hereinafter, is delivered
as an object message (2, 3) by means of the operation
of the message delivery process (FIG. 9) and the timer
clock process (FIG. 13) of the message delivery control
unit 10. As a result, the communication handler object
OB2 transmits the second byte of the response message
to the tester 8. The communication handler object OB2
activates again the P3 timer for time counting the time t3
after transmission of the second byte of the response
message. Then, after an elapse of the time t3 from the
re-activation of the P3 timer, as shown by [8] in FIG. 18,
a reception waiting request message is sent to the com-
munication handler object OB2 as in the case of [1] in
FIG. 18. Concomitantly with generation of the reception
waiting request message, the communication handler
object OB2 operates to set the communication circuit 7
and the serial communication interface in the microcom-
puter so as to be ready for reception. On the other hand,
in the case that the response message is not transmitted
within the time t3 from the first activation of the P3 timer
for some reason, a reception waiting request message
is sent to the communication handler object OB2. The
communication handler object OB2 operates inresponse
to the reception waiting request message to set the com-
munication circuit 7 and the serial communication inter-
face so as to be ready for reception. The P2 timer is
activated when the request message is received from
the tester 8 and after an elapse of the time t2 from that
time point the first byte of the response message is trans-
mitted (thatis, starting transmission of the response mes-
sage), because the ECU 1 must transmit the response
message after an elapse of the time t2 or longer from
reception of the request message from the tester 8 as
described with reference to FIG. 17. Furthermore, the P1
timer is activated immediately after the first byte of the
response message is transmitted to the tester 8 and after
an elapse of the time t1 from that time point the second
byte of the response message is transmitted, because
the ECU 1 must transmit each byte of the response mes-
sage of the same type with interval of the time t1 or longer
as described with reference to FIG. 17. Furthermore, the
P2 timer is activated together with the P3 timer when a
request message is received from the tester 8, because
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in the case that a response message is not returned from
the ECU 1 within the time t3 from the transmission of a
request message to the ECU 1, the tester 8 must transmit
a request message again so that the request message
transmitted again is received consistently. For example,
in FIG. 18, in the case that the response message trans-
mission process shown in the hexagonal frame is not
performed for some reason, after an elapse of the time
t3 from the first activation of the P3 timer, the communi-
cation handler object OB2 sets the communication circuit
7 and the serial communication interface so as to be
ready for reception, and a request message transmitted
from the tester 8 is received thereby. , The P3 timer is
re-activated immediately after the final byte (second byte)
of the response message is transmitted to the tester 8
and after an elapse of the time t3 from that time point the
communication circuit 7 and serial communication inter-
face are made ready for reception, because the tester 8
transmits the next request message after an elapse of
the time t3 or longer from reception of all the bytes of the
response data from the ECU 1 and the request message
must be received. Next, the detail of the communication
of the objects OB1 to OB3 between objects performed
by means of operation of the message delivery control
unit 10 and the detail of the process shown in message
sequence charts in FIG. 18 and FIG. 19 are described
hereinunder. First, as shown in FIG. 20, a service object
OB1 has a request message notice process method
(FIG. 21) which is executed concomitantly with an object
message (1, 1) served as the request message reception
notice message shown by [3] in FIG. 18, that is, an object
message with OID of 1 and MID of 1, aresponse message
acquisition process method (FIG. 22) which is executed
concomitantly with an object message (1, 2) served as
the response message acquisition request message
shown by [9] in FIG. 19, and a rotation speed storage
process method (FIG. 23) which is executed concomi-
tantly with an object message (1, 3) served as the rotation
speed storage request message shown by [5]in FIG. 18.
[0111] On the other hand, a communication handler
object OB2 has a reception waiting process method (FIG.
24) which is executed concomitantly with an object mes-
sage (2, 1) served as the reception waiting request mes-
sage shown by [1] and [8] in FIG. 18, a tester reading
process method (FIG. 25) which is executed concomi-
tantly with an object message (2, 2) served as the recep-
tion process request message shown by [2] in FIG. 18,
a response start process method (FIG. 26) which is ex-
ecuted with concomitantly with an object message (2, 3)
served as the response start request message shown by
[6]and [7]in FIG. 18, and a transmission process method
(FIG. 27) which is executed concomitantly with an object
message (2, 4) served as the data transmission request
message shown by [10] in FIG. 19.

[0112] Furthermore, a rotation sensor object OB3 has
a rotation speed acquisition process method (FIG. 28)
which is executed concomitantly with an object message
(3, 1) served as the rotation speed acquisition request
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message shown by [4] in FIG. 18. The respective exe-
cution start addresses of the objects OB1 to OB3 are
registered previously in the connection information data-
base 16 corresponding to OID and MID which indicate
respective methods.

[0113] Next, the detail of the process performed by the
CPU 3 is described.

[0114] First,whenthetester8transmits arequestmes-
sage served as a data request and the request message
is received while the communication circuit 7 and the
serial communication interface in the microcomputer are
made ready for reception by means of S700 of the re-
ception waiting process method (FIG. 24) described
hereinafter (in detail, when the request message is stored
in the reception register of the serial communication in-
terface as a reception data), the method of the predeter-
mined object other than the objects OB1 to OB3 (referred
to as communication operation activation method here-
inafter) is executed to generate a message transmission
request (2, 2).

[0115] Itis assumed in the description described here-
inunder that the message delivery control unit 10 is in
the state of message delivery at the time point when the
request message from the tester 8 is received and there
is no memory block in the object message storage unit
12 and the timer message storage unit 13. Furthermore,
there are sufficient free memory blocks in the free mem-
ory block storage unit 14, and YES determination is found
always in the message queuing process S100 shown in
FIG. 7 and the timer message queuing process S300
shown in FIG. 11.

[0116] Herein, when the message transmission re-
quest (2, 2) is generated, the message queuing process
shown in FIG. 7 is executed, and the object message (2,
2) is queued in the object message storage unit 12.
[0117] In detail, the head free memory block is ac-
quired from the free memory block storage unit 14in S110
shown in FIG. 7, the object message (2, 2) is stored in
the acquired free memory block in S120, and then the
memory block in which the object message (2, 2) has
been stored is registered in the object message storage
unit 12 as an object message block in S130.

[0118] When the queuing of the object message (2, 2)
is completed as described above, the execution of the
process returns to the communication operation activa-
tion method. When the process of the method is com-
pleted, the message delivery process shown in FIG. 9 is
performed and the object message (2, 2) queued in the
object message storage unit 12 is delivered.

[0119] In detail, first whether the object message is
queued in the object message storage unit 12 is checked
in S210 in FIG. 9, however, in this case, because only
the object message (2, 2) is queued, the content of the
objectmessage (2, 2) isread out from the object message
block located at the head of the object message storage
unit 12 in S220. The object message block in which the
object message (2, 2) has been stored is returned to the
free memory block storage unit 14 as a free memory
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block.

[0120] An execution start address of the tester reading
process method of the communication handler object
OB2 corresponding to the content of the read object mes-
sage (2, 2) is figured out from the connection information
database 16 in S240 shown in FIG. 9, and the figure out
execution start address is called in S250.

[0121] The object message (2, 2) is thereby delivered,
and the execution of the tester reading processing meth-
od shown in FIG. 25 is started.

[0122] Asshownin FIG. 25, when the execution of the
tester reading process method is started, the reception
data in the reception register is subjected to data error
check in S710, and in the subsequent S715, whether the
reception data is normal is checked based on the data
error check result.

[0123] [fitis found thatthe reception datais notnormal,
then the execution of the method is brought to an end,
on the other hand if it is found that the reception data is
normal, then the reception data is converted to a data
which is processable in the microcomputer in S720 and
the converted data is transferred to the RAM 6.

[0124] Furthermore, in the subsequent S725, a timer
message transmission request (2, 3, P2) is generated to
activate the P2 timer shown in FIG. 18.

[0125] Then, the timer message queuing process
shown in FIG. 11 is performed and the timer message
(2, 3, P2) is queued in the timer message storage unit
13. In detail, the head free memory block is acquired from
the free memory block storage unit 14 in S310 shown in
FIG. 11, the timer message (2, 3, P2) is stored in the
acquired free memory block in S320, and then the mem-
ory block in which the timer message (2, 3, P2) has been
stored is registered in the timer message storage unit 13
as a timer message block in S330.

[0126] When the queuing of the timer message (2, 3,
P2) has been completed as described above, the exe-
cution of the process returns to the tester reading process
method shown in FIG. 25, and a timer message trans-
mission request (2, 1, P3) is generated in FIG. 25 to ac-
tivate the P3 timer shown in FIG. 18 in S730.

[0127] Then, the timer message queuing process
shown in FIG. 11 is performed again, the timer message
(2,1, P3) is queued in the timer message storage unit 13.
[0128] In detail, the head free memory block is ac-
quired from the free memory block storage unit 14in S310
shown in FIG. 11, the timer message (2, 1, P3) is stored
in the acquired free memory block in S320, and then the
memory block in which the timer message (2, 1, P3) has
been stored is registered at the tail of the timer message
block in the timer message storage unit 13 (in this case,
the second position from the head) as a timer message
block in S330.

[0129] At that time point, two timer message blocks,
that is, the timer message block in which the timer mes-
sage (2, 3, P2) is stored and the timer message block in
which the timer message (2, 1, P3) is stored, are regis-
tered in this order. In other words, two timer messages
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are stored in the timer message storage unit 13 in the
order the timer message (2, 3, P2) — the timer message
(2, 1, P3).

[0130] When the queuing of the timer message (2, 1,
P3) is completed as described above, the execution of
the process returns again to the tester reading process
method shown in Fig. 25, and a message transmission
request (1, 1) is generated - in S735 shown in FIG. 25.
[0131] Then, the message queuing process shown in
FIG. 7 is performed, and an object message (1, 1) is
queued in the object message storage unit 12 in the quite
same manner as described above.

[0132] When the queuing of the object message (1, 1)
has been completed, the execution of the process returns
to the tester reading process method shown in FIG. 25,
and when the execution of this method is completed, and
the message delivery process shown in FIG. 9 is per-
formed and the object message (1, 1) queued in the ob-
ject message storage unit 12 is delivered.

[0133] The execution of the request message recep-
tion notice process method shown in FIG. 21 is started
thereby. A message transmission request (3, 1) is gen-
erated in S600. Then, the message queuing process
shown in FIG. 7 is performed and the object message
(3, 1) is queued in the object message storage unit 12.
[0134] When the queuing of the object message (3, 1)
has been completed, the execution of the process returns
to the request message reception notice process method
shown in FIG. 21, and when the execution of this method
is completed, the message delivery process shown in
FIG. 9is performed and the object message (3, 1) queued
in the object message storage unit 12 is delivered.
[0135] The execution of the rotation speed acquisition
process method is thereby started. The engine rotation
speed is figured out based on the signal from the rotation
sensor in S800, and a message transmission request (1,
3) is generated in the subsequent S810. Then, the mes-
sage queuing process shown in FIG. 7 is performed, and
the object message (1, 3) is queued in the object mes-
sage storage unit 12.

[0136] After queuing of the object message (1, 3), the
execution of the process returns to the rotation speed
acquisition process method shown in FIG. 28, and when
the process of this method is completed, the message
delivery process shown in FIG. 9 is performed, and the
objectmessage (1, 3) queued in the object message stor-
age unit 12 is delivered.

[0137] The execution of rotation speed storage proc-
ess method shown in FIG. 23 is thereby started. The
engine rotation speed data figured out in S800 of the
rotation speed acquisition process method is stored in
the specific area of the RAM 6 in S630, and then the
execution of the rotation speed acquisition process meth-
od is brought to an end.

[0138] Then, message delivery process shown in FIG.
9 is performed, and whether an object message is
queued in the object message storage unit 12 is checked
in S210, however, in this case, because there is no
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queued object message, the message delivery control
unit 10 is brought into the state of message reception
waiting.

[0139] It is assumed that, for example, the method
which is the method of an object other than the objects
OB1 to OB3 and which is executed every predetermined
time (referred to as fixed time method hereinafter) is ex-
ecuted and a message transmission request (x1, y1) is
generated concomitantly with execution of the fixed time
method.

[0140] Then, the message queuing process shown in
FIG. 7 is performed and the object message (x1, y1) is
queued in the object message storage unit 12, and when
the queuing of the object message (x1, y1) has been
completed, the sequence returns to the fixed time meth-
od.

[0141] Then, the fixed time method is executed and a
message delivery request is generated, the message de-
livery control unit 10 is brought into the state of message
delivery and message delivery process shown in FIG. 9
is performed, and the object message (x1, y1) queued
in the object message storage unit 12 is delivered.
[0142] As a result, the method of the object with OID
of x1 and MID of y1 is executed and the message trans-
mission request (x2, y2) is thereby generated, then the
method of the object with OID of x2 and MID of y2 is
executed, and furthermore the execution of the method
results in generation of a message transmission (x3, y3)
and then the method of the object with OID of x3 and
MID of y3 is executed. As described above, respective
methods of other objects are executed successively.
[0143] After anelapse of the time t2 from the time point
when the timer message (2, 3, P2) generated in S725
for the tester reading process method shown in FIG. 25
has been queued in the timer message storage unit 13,
the timer counter of the timer message (2, 3, P2) reaches
0 as a result of the timer clock process in S410 shown in
FIG. 13.

[0144] Thetimer message (2, 3, P2) is re-queued from
the timer message storage unit 13 to the object message
storage unit 12 in the timer clock process S430 as an
object message (2, 3). At this time point, only the timer
message (2, 1, P3) is stored in the timer message storage
unit 13.

[0145] At the time point when execution of a method
in execution is completed, the re-queued message (2, 3)
is delivered in the message delivery process shown in
FIG. 9 in the quite same manner as applied to deliver an
original object message generated from an object.
[0146] As a result, after an elapse of the time t3 from
the time point when the timer message (2, 3, P2) has
been queued in the timer message storage unit 13, the
execution of the response start process method shown
in FIG. 26 corresponding to the object message (2, 3) is
started.

[0147] As shownin FIG. 26, when the execution of the
response start process method is started, a message
transmission request (1, 2) is generated in S750.
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[0148] Then, the message queuing process shown in
FIG. 7 is performed and the object message (1, 2) is
queued in the object message storage unit 12.

[0149] After queuing of the object message (1, 2), the
sequence returns to the response start process method
shown in FIG. 26, and when the execution of this method
is completed, the message delivery process shown in
FIG.9is performed and the object message (1, 2) queued
in the object message storage unit 12 is delivered.
[0150] Asaresult, execution of the response message
acquisition process method shown in FIG. 22 is started,
and first the engine rotation speed data of 1 byte to be
transmitted from the specific area of the RAM 6 to the
tester 8 is read out in S610. In S610, the engine rotation
speed data is read out from the specific area of the RAM
6 every time when the process of S610 is performed first
from the head 1 byte successively.

[0151] In the subsequent S620, a message transmis-
sion request (2, 4) is generated.

[0152] Then, the message queuing process shown in
FIG. 7 is performed, and the object message (2, 4) is
queued in the object message storage unit 12.

[0153] When the queuing of the object message (2, 4)
is completed, the sequence returns to the response mes-
sage acquisition process method shown in FIG. 22, and
when execution of this method is completed, the mes-
sage delivery process shown in FIG. 9 is performed and
the object message (2, 4) queued in the object message
storage unit 12 is delivered.

[0154] As aresult, execution of the transmission proc-
ess method shown in FIG. 27 is started.

[0155] As shown in FIG. 27, when execution of the
transmission process method is started, the engine ro-
tation speed data of 1 byte read out from the RAM 6 in
S610 of the response message acquisition process
method is inverted to the data which is ready for reception
for the tester 8 side in S760, and then transferred to the
transmission resister of the serial communication inter-
face. Inthe subsequent S765, the 1 byte datain the trans-
mission register is transmitted to the tester 8.

[0156] Nextin S770, the counter CN for counting the
number of bytes of the data (response message) trans-
mitted to the tester 8 is incremented by 1, and in the
subsequent S775, whether the value of the counter CN
is 2 is checked. The initial value of the counter CN is 0.
[0157] Because the value of the counter CN is 1 yet at
the time point when the first 1 byte of the response mes-
sage is transmitted to the tester 8, check result NO is
obtained in the S775, and the sequence proceeds to
S795. In S795, a timer message transmission request
(2, 3, P1) is generated to activate the P1 timer shown in
FIG. 18.

[0158] Then, the timer message queuing process
shown in FIG. 11 is performed, and the timer message
(2, 3, P1) is queued in the timer message storage unit
13 in the quite same manner as described above. Two
timer messages, that is, the timer message (2, 3, P1) and
the timer message (2, 1, P3), are stored in the timer mes-
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sage storage unit 13 at this time point.

[0159] After completion of queuing of the timer mes-
sage (2, 3, P1), the sequence returns again to the trans-
mission process method shown in FIG. 27. However, if
the first1 byte of the response message is received (in
detail, if check result NO is obtained in S775 shown in
FIG. 27 and not in the case that the final byte of the re-
sponse message is transmitted), then execution of the
transmission process method is broughtto an end asitis.
[0160] Then the message delivery process shown in
FIG. 9 is performed, whether an object message is
queued in the object message storage unit 12 is checked.
However, in this case, because there is no queued object
message, the message delivery control unit 10 is brought
into the state of message reception waiting.

[0161] After that, the message delivery control unit 10
returns to the state of message delivery as processed in
the time from the completion of execution of the rotation
speed acquisition process method (FIG. 23) to the first
starting of execution of the response start process meth-
od (FIG. 26), and respective methods of other objects
are executed successively.

[0162] ' After an elapse of the time t1 from the time
point when the timer message (2, 3, P1) in S795 of the
transmission process method shownin FIG. 27 is queued
in the timer message storage unit 13, the timer counter
of the timer message (2, 3, P1) reaches 0 as a result of
the timer clock process of S410 shown in FIG. 13.
[0163] The timermessage (2, 3, P1) is re-queued from
the timer message storage unit 13 to the object message
storage unit 12 as an object message (2, 3) as a result
of the timer clock process of S430. Only the timer mes-
sage (2, 1, P3) is stored in the timer message storage
unit 13 at this time point.

[0164] Furthermore, the re-queued message (2, 3) is
delivered in the message delivery process shown in FIG.
9 at the time point when the execution of a method in
execution is completed in the quite same manner as in
the case of an original object message generated from
an object.

[0165] The execution of the response start process
method shown in FIG. 26 corresponding to the object
message (2, 3) is started when the time t1 elapses from
the queuing of the timer message (2, 3, P1) in the timer
message storage unit 13 in the quite same way as in the
case that the time t2 elapses from the queuing of the
timer message (2, 3, P2) in the timer message storage
unit 13. In the next to the response start process method,
the response message acquisition process method
shown in FIG. 22 is executed, and in the next the trans-
mission process method shown in FIG. 27 is performed.
[0166] As aresult of second execution of the response
message acquisition process method and the transmis-
sion process method, the second byte that is, the final
byte of the response message is transmitted to the tester
8. In the transmission of the second byte, the value of
the counter CN is determined to be 2, that is, check result
YES is obtained in S775 for the transmission process
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method shown in FIG. 27, and the value of the counter
CN is initialized to 0 in the next S780.

[0167] Firstin S785, atimer message deletion request
(2, 1) is generated to re-activation of the P3 timer shown
in FIG. 18.

[0168] At that time, the timer message deletion proc-
essshowninFIG. 15is performed and the timer message
(2, 1, P3) is deleted from the timer message storage unit
13.

[0169] Indetail, firstin S500 shownin FIG. 15, the timer
message (2, 1, P3) with OID and MID which are identical
with those of the timer message deletion request (2, 1)
is selected in the timer message storage unit 13 as a
deleting target timer message, the storage content of the
timer message block in which the timer message (2, 1,
P3) is stored is deleted in S520, and the timer message
block from which the stored content has been deleted is
returned from the timer message storage unit 13 to the
free memory block storage unit 14 as a free memory
block.

[0170] After completion of deleting of the timer mes-
sage (2, 1, P3) as described above, then the sequence
returns to the transmission process method shown in
FIG. 27, and a timer message transmission request (2,
1, P3) is generated in S790 shown in FIG. 27. Then, the
timer message queuing process shown in FIG. 11 is per-
formed, a timer message (2, 1, P3) is queued newly in
the timer message storage unit 13, and the re-activation
of the P3 timer shown in FIG. 18 is completed.

[0171] After queuing of the timer message (2, 1, P3),
the sequence returns again to the transmission process
method shown in FIG. 27, and when the execution of this
method is completed, the message delivery process
shown in FIG. 9 is performed. However, because there
is no object message queued in the object message stor-
age unit 12 in this case, check result NO is obtained in
S210 shown in FIG. 9, and the message delivery control
unit 10 is brought into the state of message reception
waiting.

[0172] After that, the message delivery control unit 10
returns to the state of message delivery as in the time
from the completion of execution of the rotation speed
acquisition process method (FIG. 23) to the first starting
of execution of the response start process method (FIG.
26), and respective methods of other objects are execut-
ed successively.

[0173] After an elapse of the time t3 from the time point
when the timer message (2, 1, P3) generated in S790 of
the transmission process shown in FIG. 27 is queued in
the timer message storage unit 13 (that is, from the re-
activation of the timer P3), the timer counter of the timer
message (2, 1, P3) reaches 0 as a result of the timer
clock process S410 shown in FIG. 13, and the timer mes-
sage (2, 1, P3) is re-queued from the timer message stor-
age unit 13 to the object message storage unit 12 as an
object message (2, 1) as a result of the timer clock proc-
ess in S430. Furthermore, the re-queued message (2, 1)
is delivered as a result of the message delivery process
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shown in FIG. 9 at the time point when execution of a
method in execution is completed.

[0174] After an elapse of the time t3 from the transmis-
sion of the final byte (second byte) of the response mes-
sage to the tester 8, the execution of the reception waiting
process method shown in FIG. 24 corresponding to the
object message (2, 1) is started.

[0175] When execution of the reception waiting proc-
ess method is started as shown in FIG. 24, the commu-
nication circuit 7 and the serial communication interface
in the microcomputer are set so as to be ready for recep-
tionin S700, and then the execution of the reception wait-
ing process method is completed.

[0176] Then, the message delivery process shown in
FIG. 9is performed, however, because there is no object
message queued in the object message storage unit 12
in this case, check result NO is obtained in S210 shown
in FIG. 9, and the message delivery control unit 10 is
brought into the state of message reception waiting.
[0177] After that, the message delivery control unit 10
returns to the state of message delivery as in the time
from the completion of execution of the rotation speed
acquisition process method (FIG. 23) to the first starting
of execution of the response start process method (FIG.
26), and respective methods of other objects are execut-
ed successively. When the next request message is re-
ceived from the tester 8, the communication operation
activation method is executed and a message transmis-
sionrequest (2, 2) is generated, and the respective proc-
esses for transmission of the response message to the
tester 8 are performed again successively.

[0178] On the other hand, if a response message is
not transmitted for some reason within the time t3 from
that time point although a request message is received
normally from the tester 8, the S785 of the transmission
process method shown in FIG. 27 is not executed, and
a timer message deletion request (2, 1) is not generated.
[0179] Asaresult,inthe casethataresponse message
is not transmitted for some reason, after an elapse of the
time t3 from the time point when the timer message (2,
1, P3) generated in S730 of the tester reading process
method shown in FIG. 25 has been queued in the timer
message storage unit 13 (that is, from the first activation
of the P3 timer), the timer counter of the timer message
(2, 1, P3) reaches 0 as aresult of S410 of the timer clock
process, and the timer message (2, 1, P3) is re-queued
from the timer message storage unit 13 to the object mes-
sage storage unit 12 as an object message (2, 1) as a
result S430 of the timer clock process. The re-queued
message (2, 1) is delivered by means of the message
delivery process shown in FIG. 9.

[0180] As a result, also in the case that the time t3
elapses without transmission of a response message
from reception of a request message from the tester 8,
execution of the reception waiting process method shown
in FIG. 24 is started, the communication circuit 7 and the
serial communication interface are set so as to be ready
for reception in S700, and are made ready for reception
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of a request message which will be retransmitted from
the tester 8.

[0181] Respective methods of objects OB1 to OB3
shown in FIG. 21 to FIG. 28 are executed successively
as described above, the process for controlling the data
communication with the tester 8 is thereby performed in
the order shown in the message sequence charts in FIG.
18 and FIG. 19.

[0182] In the present embodiment, the queuing proc-
ess shown in FIG. 7 corresponds to the first storage con-
trol means, and the message delivery process shown in
FIG. 9 corresponds to the activation control means. The
timer message queuing process shown in FIG. 11 cor-
responds to the second storage control means, and the
timer clock process corresponds to the delay control
means. Furthermore, the timer message queuing proc-
ess shown in FIG. 11 corresponds to the timer message
storage control means, and the timer clock process
shown in FIG. 13 and the message delivery process
shown in FIG. 9 are equivalent to the delay activation
control means. The timer message deletion process
shownin FIG. 15 corresponds to the deleting means, and
the ROM 5 and the connection information database
stored in the ROM 5 are equivalent to the storage position
storage means.

[0183] Asdescribedabove, inthe ECU 1 of the present
embodiment, when an object message (message trans-
mission request) which contains no timer counter is gen-
erated, message queuing process shown in FIG. 7 is
performed, and the object message is stored (queued)
in the object message storage unit 12.

[0184] The message delivery process shown in FIG.
9 is performed at the time point when execution of some
method is completed, the object message which is stored
first out of object messages stored in the object message
storage unit 12, the method of the object corresponding
to the destination of the read out object message is ex-
ecuted, and then the read out object message is deleted
from the object message storage unit 12.

[0185] Therefore, according to the ECU 1 of the
present embodiment, methods of respective objects are
executed in real time. The present embodiment is not
disadvantageous in real time operation capability unlike
the case to which flag check technique is applied for mes-
sage communication between objects, and the method
of each object can be executed in event driven.

[0186] Because the present embodiment is not the
case in which the method of an object in execution is
interrupted to execute the method of another object un-
like the case in which the function call technique is applied
for message communication between objects, the meth-
od of each object can be executed without consuming a
lot of memory resources in the present embodiment. In
detail, in the case that the function call technique is ap-
plied for message communication between objects, the
value of the program counter of the microcomputer and
various registers (not shown in the drawing) must be
stored, on the other hand in the case of the ECU 1 of the
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present embodiment, only the message is stored, and
the significantly smaller amount of information to be
stored is sufficient for operation.

[0187] In the ECU 1 of the present embodiment, an
object message read out from the object message stor-
age unit 12 and delivered is deleted from the object mes-
sage storage unit 12. In detail, the memory block in the
object message storage unit 12 in which memory block
the read out object message has been stored is returned
to the free memory block storage unit 14. As a result, an
unnecessary object message does not remain in the ob-
ject message storage unit 12, and the memory area of
the RAM 6 that is, the memory resource is used effec-
tively.

[0188] Furthermore, in the ECU 1 of the present em-
bodiment, a timer message (timer message transmission
request) which contains a timer counter is generated as
aresult of execution of the method of an object, the timer
message queuing process shownin FIG. 11 is performed
and the timer message is stored (queued) in the timer
message storage unit 13.

[0189] The timer clock process shown in FIG. 13 is
performed every time when a timer clock request is gen-
erated with the time interval of the predetermined time t
to reduce by 1 the timer counter of the timer message
stored in the timer message storage unit 13, and the timer
message with the timer counter which reaches 0 is re-
stored in the object message storage unit 12 as an object
message. The timer message re-stored in the object
message storage unit 12 as an object message is read
out by means of the message delivery process shown in
FIG. 9 in the quite same manner as in the case of an
original object message generated from an object. As a
result the method of the object specified by the OID and
MID of the message is executed.

[0190] Therefore, after an elapse of the time equivalent
to the timer counter of the timer message from the time
point when the timer message is generated as a result
of execution of the method of the object, the method of
the object which is specified by OID and MID of the timer
message is executed.

[0191] As a result, according to the ECU 1 of the
present embodiment, the method of each object is exe-
cuted in real time without consuming a lot of memory
resources, and additionally the time waiting process, that
is, execution of the method of a specified object is started
after an elapse of a predetermined time from a certain
time point, is realized easily.

[0192] For example, in the embodiment shown in FIG.
17 to FIG. 28, execution of the response start process
method shown in FIG. 26 can be started after an elapse
of the time t2 from the time point when the timer message
(2, 3, P2) has been generated in S725 of the tester read-
ing process method shown in FIG. 25 (from activation of
the P2 timer shown in FIG. 18), or the execution of the
response start process method shown in FIG. 26 can be
started after an elapse of the time t1 from the time point
when the timer message (2, 3, P1) has been generated
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in 8795 of the transmission process method shown in
FIG. 27 (from the activation of the P1 timer shown in FIG.
18). Furthermore, the execution of the reception waiting
process method shown in FIG. 24 can be started after
an elapse of the time t3 from the time point when the
timer message (2, 1, P3) has been generated in S790 of
the transmission process method shown in FIG. 27 (from
re-activation of the P3 timer shown in FIG. 18).

[0193] Furthermore according to the ECU 1 of the
present invention, methods of other objects can be exe-
cuted successively within the time while the timer counter
ofthe timer message stored in the timer message storage
unit 13 reaches 0, unnecessary time consumption during
the process is saved.

[0194] In the ECU 1 of the present embodiment, the
timer message storage unit 13 is capable of storing a
plurality of timer messages, and in the timer clock process
shown in FIG. 13, timer counters of all the timer messag-
es are reduced one by one, and a timer message with
the timer counter which reaches 0 is re-stored from the
timer message storage unit 13 to the object message
storage unit 12 as an object message.

[0195] Therefore, according to the ECU 1 of the
present embodiment, in the state that a plurality of timer
messages are stored in the timer message storage unit
13, respective times for delaying execution starting of a
plurality of methods is counted in parallel, and the time
waiting process of a plurality of series can be performed
easily.

[0196] For example, in the detailed example shown in
FIG. 17 to FIG. 28, the time t2 from the time point when
the timer message (2, 3, P2) has been generated in S725
of the tester reading process method shown in FIG. 25
(from the activation of the P2 timer shown in FIG. 18) to
the starting of execution of the response start process
method shown in FIG. 26 and the time t3 from the time
point when the timer message (2, 1, P3) has been gen-
erated in S730 of the tester reading process method
shown in FIG. 25 (from the first activation of the P3 timer
shown in FIG. 18) to the starting of execution of the re-
ception waiting process method shown in FIG. 24 can be
counted in parallel. Furthermore, the time t1 from the time
point when the timer message (2, 3, P1) has been gen-
erated in S795 of the transmission process method
shown in FIG. 27 (activation of the P1 timer shown in
FIG. 18) to the starting of execution of the response start
process method shown in FIG. 26 and the time t3 from
the time point when the timer message (2, 1, P3) has
been generated in S730 of the tester reading process
method shown in FIG. 25 to the starting of execution of
the reception waiting process method shown in FIG. 24
can be counted in parallel.

[0197] Furthermore, in the ECU 1 of the present em-
bodiment, a timer message re-stored in the object mes-
sage storage unit 12 as an object message is deleted
from the timer message storage unit 13. In detail, a mem-
ory block of the timer message storage unit 13 in which
memory block the timer message has been stored is
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transferred to the object message storage unit 12. As a
result, a timer message which becomes unnecessary for
the timer message storage unit 13 (that is, a timer mes-
sage with the timer counter which reaches 0) does not
remain in the timer message storage unit 13, and the
memory area of the RAM 6 that is, the memory resource
is used effectively.

[0198] Furthermore, in the ECU 1 of the present em-
bodiment, when a timer message deletion requestis gen-
erated as a result of execution of the method of an object,
the timer message deletion process shown in FIG. 15 is
performed to delete the timer message with OID and MID,
which are identical with those of the timer message de-
letion request, from the timer message storage unit 13.
[0199] Therefore, according to the ECU 1 of the
present embodiment, the time out process, that is, the
method of a specific object is executed unless the proc-
ess of a monitoring target is not performed within an
elapse of a predetermined time from a certain time point,
is realized easily without providing a special means such
as timer interruption mechanism.

[0200] For example, in the detailed example shown in
FIG. 17 to FIG. 28, because a timer message deletion
request (2, 1) is generated in S785 of the transmission
process method unless the transmission process method
shown in FIG. 27 is executed twice within the time t3 from
the time point when the timer message (2, 1, P3) is gen-
erated in S730 of the tester reading process method
shown in FIG. 25 (from the first activation of the P3 timer
shown in FIG. 18), and when the time 3 elapses from
the first activation of the P3 timer shown in FIG. 18, the
reception waiting process method shown in FIG. 24 is
executed as the method of the specific object.

[0201] On the other hand, furthermore in the ECU 1 of
the present embodiment, a message which is generated
as a result of execution of the method of an object con-
tains OID (objectidentification number) and MID (method
identification number) that is, the identification code for
indicating the method of the destination object. In addi-
tion, the ECU 1 of the present embodiment is provided
with a connection information database 16 which stores
the combination of OID and MID and the execution start
address served as storage position information that is,
the head address of the ROM 5 in which respective meth-
ods of objects indicated by respective combinations are
stored correspondingly. In the message delivery process
shownin FIG. 9, an execution start address of the method
of an object corresponding to the OID and MID of an
object message read out from the object message stor-
age unit 12 is specified based on the memory content of
the contact information database 16, and the method of
the destination object of the read out object message is
executed.

[0202] Therefore, in the case that the storage position
in the ROM 5 of the method which constitutes an object
is changed due to amendment of the object concomitant-
ly with program design change, the storage position
change is accommodated only by changing the content
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of the connection information database 16. In other
words, the independence of the object is improved, and
the program design change is easy.

[0203] One embodiment of the presentinvention is de-
scribed hereinabove, however, the present invention is
by no means limited to the embodiment, various modifi-
cation may be applied.

[0204] Forexample,inthe embodiment, the timer clock
request which is an event for activating the timer clock
process shown in FIG. 13 is generated every predeter-
mined time t, however, the timer clock request may be
structured so as to be generated correspondingly to the
event which is asynchronous with time, for example, at
the time when a pulse signal is generated from the rota-
tion sensor. For example, in the case that a timer clock
request is generated at the time when a pulse signal is
generated from the rotation sensor, the timer counter of
each timer message stored in the timer message storage
unit 13 is subtracted by 1 every time when a pulse signal
is generated from the rotation sensor.

[0205] Inthe embodiment, all the objects are stored in
one ROM 5, however, in the case that methods of objects
are stored in a plurality of ROMS, the information which
indicates a specified execution start address of a speci-
fied ROM may be stored as the storage position informa-
tion in the contact information database 16.

[0206] On the other hand, the ECU 1 of the embodi-
ment is applied to control an engine of an vehicle, how-
ever, the present invention may be applied to electronic
control apparatus for controlling other control targets
such as automatic transmissions and suspensions of ve-
hicles in the quite same manner as used for the engine.
[0207] An electronic control apparatus (1) is designed
to perform an engine control program on an object-ori-
ented programming manner. A first type message which
does not contain a count value generated as a result of
execution of a method of an object is stored in a message
storage unit. At the time point when execution of the
method is completed, the stored first type message is
read out and a method of the object corresponding to the
destination of the message is executed. A timer message
(n, m, P) which contains a count value generated as a
result of execution of the method of the object is stored
in another storage unit. The count value (timer counter)
of a timer message in the other storage unit is reduced
one by one (S410) as aresult of process performed every
predetermined time. The timer message with the count
value which reaches 0 in the message storage unit is re-
stored as a first type message (S430).

Claims

1. An electronic control apparatus (1) provided with a
plurality of unit processing means (3) adapted to per-
form processes for realizing unit functions (OB1-
OBn) according to methods of objects formed by di-
viding a control program into unit functions corre-
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sponding to respective objects in which any one of
the plurality of unit processing means performs proc-
ess operation and the unit processing means gen-
erate a message served as a process request which
indicates a unit processing means as the destination
during the process operation, and the unit process-
ing means which corresponds to the destination of
the message thereby performs the process, the mes-
sage generated by the unit processing means is cat-
egorized into a first type message which contains no
countvalue (P1, P2, P3) and asecond type message
which contains a count value (P1, P2, P3) for indi-
cating the delay time until the time when the unit
processing means corresponding to the destination
of the message starts process operation,

wherein the electronic control apparatus comprises:

first storage control means (3, S100-S130) that
stores the first type message generated by the
unit processing means in a first message stor-
age means (12);

activation control means (3, S210-S250) that
reads out the first type message firstly stored
among first type messages stored in the first
message storage means (12) at the time point
when the one of the plurality of unit processing
means which has generated the first type mes-
sage completed the process operation, controls
the unit processing means corresponding to the
destination of the read first type message to start
the process, and deletes the read out first type
message from the message storage means;
second storage control means (3, S300-S330)
that stores the second type message generated
from the unit processing means in the second
message storage means (13); and

delay control means (3, S400-S430) that reduc-
es the count value of the second type message
stored in the second message storage means
(13) every time when a predetermined event oc-
curs and re-stores the second type message in
the first message storage means (12) as the first
type message when the count value reaches a
predetermined value

wherein the electronic control apparatus (1) is
adapted to control one or more control targets
of a vehicle and each unit function (OB1 to OBn)
is adapted to control one of the one or more con-
trol targets, wherein the one or more control tar-
gets comprise at least one of an engine, an au-
tomatic transmission and a suspension of the
vehicle; and

the delay control means (3, S400-S430) re-
stores the second type message at a tail of first
type messages stored in the first message stor-
age means (12).

2. An electronic control apparatus according to claim
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1, wherein:

the second message storage means (13) is
structured so as to be capable of storing a plu-
rality of the second type messages; and

the delay control means is structured so as to
reduce the count value of all the second type
messages stored in the second message stor-
age means (13) by a predetermined value every
time when the event occurs and re-store the sec-
ond type message with the count value which
has reached the predetermined value in the first
message storage means (12) as the first type
message.

An electronic control apparatus according to claim 1
or 2, wherein:

the delay control means is structured so as to
delete the second type message which has re-
stored as the first type message from the second
message storage means (13).

An electronic control apparatus according to any one
of claims 1 to 3, further comprising:

deleting means (3, S500-S530) that, when a de-
leting request of the second type message for
indicating a unit processing means is generated
from the unit processing means, deletes the sec-
ond type message corresponding to the deleting
request from the second message storage
means (13).

5. Anelectronic control apparatus according to any one

of claims 1 to 4, wherein:

the method of the object is stored in predeter-
mined program storage means (5);

an identification code for indicating the method
of the object corresponding to the unit process-
ing means which is the destination of the mes-
sage in the first and second type messages, and
the activation control means is provided with
storage position storage means (5, 16) that
stores an identification code and the storage po-
sition information that represents the storage
position of the method indicated by the identifi-
cation code in the program storage means, and
is structured so as to specify the storage position
in the program storage means of the method
indicated by the identification code contained in
the first type message read out from the first
message storage means (12) and to thereby
control the unit processing means correspond-
ing to the destination of the read out first type
message to start the process.
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6. An electronic control apparatus according to claim

5, wherein:

the storage position information is the address
that indicates the memory area of the program
storage means.

Patentanspriiche

1.

Elektronische Steuervorrichtung (1), die mit einer
Vielzahl von Einheitsverarbeitungseinrichtungen (3)
versehen ist, die zum Durchfihren von Prozessen
zum Realisieren von Einheitsfunktionen (OB1 bis
OBn) gemal Verfahren von Objekten angepasst
sind, die durch Aufteilen eines Steuerprogramms in
Einheitsfunktionen entsprechend jeweiligen Objek-
ten gebildet sind, in denen jede der Vielzahl von Ein-
heitsverarbeitungseinrichtungen einen Prozessvor-
gang durchfiihrt und die Einheitsverarbeitungsein-
richtungen eine als eine Prozessanforderung die-
nende Nachricht, die eine Einheitsverarbeitungsein-
richtung als das Ziel bezeichnet, wahrend des Pro-
zessvorgangs erzeugen, und die Einheitsverarbei-
tungseinrichtung, die dem Ziel der Nachricht ent-
spricht, dadurch den Prozess durchfiihrt, wobei die
durch die Einheitsverarbeitungseinrichtungen er-
zeugte Nachricht in eine Nachricht ersten Typs, die
keinen Zahlwert (P1, P2, P3) enthalt, und eine Nach-
richt zweiten Typs, die einen Zahlwert (P1, P2, P3)
zum Bezeichnen der Verzégerungszeit bis zu der
Zeit enthalt, zu der die dem Ziel der Nachricht ent-
sprechende Einheitsverarbeitungseinrichtung einen
Prozessvorgang beginnt, kategorisiert ist,

wobei die elektronische Steuervorrichtung aufweist:

eine erste Speichersteuereinrichtung (3, S100
bis S130), die die durch die Einheitsverarbei-
tungseinrichtung erzeugte Nachricht ersten
Typs in einer ersten Nachrichtenspeicherein-
richtung (12) speichert;

eine Aktivierungssteuereinrichtung (3, S210 bis
250), die die Nachricht ersten Typs, die zuerst
gespeichert ist, aus in der ersten Nachrichten-
speichereinrichtung (12) gespeicherten Nach-
richten ersten Typs zu dem Zeitpunkt ausliest,
zu dem die eine der Vielzahl von Einheitsverar-
beitungseinrichtungen, die die Nachricht ersten
Typs erzeugt hat, den Prozessvorgang abge-
schlossen hat, die dem Ziel der ausgelesenen
Nachricht ersten Typs entsprechende Einheits-
verarbeitungseinrichtung dahingehend steuert,
den Prozess zu beginnen, und die ausgelesene
Nachricht ersten Typs aus der Nachrichtenspei-
chereinrichtung l6scht;

eine zweite Speichersteuereinrichtung (3, S300
bis S330), die die von der Einheitsverarbei-
tungseinrichtung erzeugte Nachricht zweiten



37 EP 1 022 657 B1 38

Typs in der zweiten Nachrichtenspeicherein-
richtung (13) speichert; und

eine Verzogerungssteuereinrichtung (3, S400
bis S430), die den Zahlwert der in der zweiten
Nachrichtenspeichereinrichtung (13) gespei-
cherten Nachricht zweiten Typs jedes Mal dann
verringert, wenn ein vorbestimmtes Ereignis
eintritt, und die Nachricht zweiten Typs in der
ersten Nachrichtenspeichereinrichtung (12) als
die Nachricht ersten Typs neu speichert, wenn
der Zahlwert einen vorbestimmten Wert er-
reicht,

wobei die elektronische Steuervorrichtung (1)
angepasst ist, ein oder mehr Steuerziele eines
Fahrzeugs zu steuern, und jede Einheitsfunkti-
on (OB1 bis OBn) angepasstist, eines des einen
oder der mehreren Steuerziele zu steuern, wo-
bei das eine oder die mehreren Steuerziele eine
Maschine und/oder ein Automatikgetriebe und/
oder eine Aufhangung des Fahrzeugs umfas-
sen; und

die Verzogerungssteuereinrichtung (3, S400 bis
S430) die Nachricht zweiten Typs an einem En-
de von Nachrichten ersten Typs, die in der er-
sten Nachrichtenspeichereinrichtung (12) ge-
speichert sind, neu speichert.

2. Elektronische Steuervorrichtung gemafl Anspruch

1, wobei:

die zweite Nachrichtenspeichereinrichtung (13)
so strukturiert ist, dass sie imstande ist, eine
Vielzahl der Nachrichten zweiten Typs zu spei-
chern; und

die Verzogerungssteuereinrichtung so struktu-
riert ist, dass sie den Zahlwert von allen Nach-
richten zweiten Typs, die in der zweiten Nach-
richtenspeichereinrichtung (13) gespeichert
sind, jedes Mal dann um einen vorbestimmten
Wert verringert, wenn das Ereignis eintritt, und
die Nachricht zweiten Typs mit dem Zahlwert,
der den vorbestimmten Wert erreicht hat, in der
ersten Nachrichtenspeichereinrichtung (12) als
die Nachricht ersten Typs neu speichert.

Elektronische Steuervorrichtung gema Anspruch 1
oder 2, wobei:

die Verzogerungssteuereinrichtung so struktu-
riert ist, dass sie die Nachricht zweiten Typs, die
als die Nachricht ersten Typs neu gespeichert
wurde, aus der zweiten Nachrichtenspeicher-
einrichtung (13) I6scht.

Elektronische Steuervorrichtung geman einem der
Anspriche 1 bis 3, zusatzlich mit:

einer Ldscheinrichtung (3, S500 bis S530), die,
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wenn eine Léschanforderung der Nachricht
zweiten Typs zum Bezeichnen einer Einheits-
verarbeitungseinrichtung von der Einheitsverar-
beitungseinrichtung erzeugt wird, die der Lésch-
anforderung entsprechende Nachricht zweiten
Typs aus der zweiten Nachrichtenspeicherein-
richtung (13) l6scht.

5. Elektronische Steuervorrichtung gemag einem der

Anspriche 1 bis 4, wobei:

das Verfahren des Objekts in einer vorbestimm-
ten Programmspeichereinrichtung (5) gespei-
chert ist;

ein Identifikationscode zum Bezeichnen des
Verfahrens des Objekts, das der Einheitsverar-
beitungseinrichtung entspricht, die das Ziel der
Nachricht ist, in den Nachrichten ersten und
zweiten Typs enthalten ist, und

die Aktivierungssteuereinrichtung mit einer
Speicherpositionsspeichereinrichtung (5, 16)
versehen ist, die einen Identifikationscode und
die Speicherpositionsinformationen speichert,
die die Speicherposition des durch den Identifi-
kationscode bezeichneten Verfahrens in der
Programmspeichereinrichtung darstellen, und
so strukturiert ist, dass sie die Speicherposition
des Verfahrens in der Programmspeicherein-
richtung spezifiziert, das durch den Identifikati-
onscode bezeichnet wird, der in der aus der er-
sten Nachrichtenspeichereinrichtung (12) aus-
gelesenen Nachricht ersten Typs enthalten ist,
und dadurch die Einheitsverarbeitungseinrich-
tung, die dem Ziel der ausgelesenen Nachricht
ersten Typs entspricht, zum Beginnen des Pro-
zesses steuert.

6. Elektronische Steuervorrichtung gemafl® Anspruch

5, wobei:

die Speicherpositionsinformationen die Adres-
se sind, die den Speicherbereich der Pro-
grammspeichereinrichtung bezeichnet.

Revendications

Dispositif de commande électronique (1) compre-
nant une pluralité de moyens de traitement élémen-
taires (3) adaptés pour exécuter des processus de
fagon a mettre en oeuvre des fonctions élémentaires
(OB1-0Bn)enfonction de procédés d’objets formés
en divisant un programme de commande en fonc-
tions élémentaires correspondant aux objets respec-
tifs dans lequel chaque moyen de la pluralité de
moyens de traitement élémentaires exécute un pro-
cessus etles moyens de traitement élémentaires gé-
nérent un message servant de demande de proces-
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sus qui désigne un moyen de traitement élémentaire
comme la destination durant le processus, et le
moyen de traitement élémentaire qui correspond a
la destination du message exécute alors le proces-
sus, le message généré par le moyen de traitement
élémentaire est catégorisé en un message de pre-
mier type qui ne contient aucune valeur de compteur
(P1, P2, P3) et en un message de deuxiéme type
qui contient une valeur de compteur (P1, P2, P3)
afin d’indiquer le temps de retard jusqu’au moment
ou le moyen de traitement élémentaire correspon-
dant a la destination du message commence a exé-
cuter le processus,

dans lequel le dispositif de commande électronique
comprend :

un premier moyen de commande de stockage
(3, S100-S130) qui stocke le message de pre-
mier type généré par le moyen de traitement élé-
mentaire dans un premier moyen de stockage
de message (12) ;

un moyen de commande d’activation (3, S210-
S250) qui affiche le message de premier type
tout d’abord stocké avec les messages de pre-
mier type stockés dans le premier moyen de
stockage de message (12) au moment ou le
moyen de la pluralité de moyens de traitement
élémentaires qui a généré le message de pre-
mier type achéve I'exécution du processus,
commande le moyen de traitement élémentaire
correspondant a la destination du message de
premier type lu pour lancer le processus, et sup-
prime le message de premier type affiché du
moyen de stockage de message ;

un deuxieme moyen de commande de stockage
(3, S300-S330) qui stocke le message de
deuxieme type généré par le moyen de ftraite-
ment élémentaire dans le deuxieme moyen de
stockage de message (13) ; et

un moyen de commande de retard (3, S400-
S430) qui réduit la valeur de compteur du mes-
sage de deuxiéme type stocké dans le deuxieme
moyen de stockage de message (13) chaque
fois qu'un événement prédéterminé se produit
et stocke de nouveau le message de deuxiéme
type dans le premier moyen de stockage de
message (12) comme message de premier type
lorsque la valeur de compteur atteint une valeur
prédéterminée,

dans lequel le dispositif de commande électro-
nique (1) est adapté pour commander une ou
plusieurs cibles de commande d’un véhicule et
chaque fonction élémentaire (OB1 a OBn) est
adaptée pour commander une ou

plusieurs cibles de commande, dans lequel les-
dites une ou plusieurs cibles de commande
comprennent au moins un moteur, une boite de
vitesse automatique et une suspension du
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véhicule ; et

le moyen de commande de retard (3, S400-
S430) stocke de nouveau le message de
deuxiéme type a une queue des messages de
premier type stockés dans le premier moyen de
stockage de message (12).

2. Dispositif de commande électronique selon lareven-

dication 1, dans lequel:

le deuxieme moyen de stockage de message
(13) est structuré de fagon a pouvoir stocker une
pluralité de messages de deuxiéme type ; et

le moyen de commande de retard est structuré
de fagon a réduire la valeur de compteur de tous
les messages de deuxiéme type stockés dans
le deuxieme moyen de stockage de message
(13) d’'une valeur prédéterminée chaque fois
que I'événement prédéterminé se produit et a
stocker de nouveau le message de deuxieme
type avec la valeur de compteur qui a atteint la
valeur prédéterminée dans le premier moyen de
stockage de message (12) comme message de
premier type.

Dispositif de commande électronique selon lareven-
dication 1 ou la revendication 2, dans lequel :

le moyen de commande de retard est structuré
de fagon a supprimer le message de deuxiéme
type qui a été stocké de nouveau comme mes-
sage de premier type du deuxieme moyen de
stockage de message (13).

Dispositif de commande électronique selon I'un
quelconque des revendications 1 a 3, comprenant
en outre :

un moyen de suppression (3, S500-S530) qui,
quand une demande de suppression du messa-
ge de deuxieme type désignant un moyen de
traitement élémentaire est générée par le
moyen de traitement élémentaire, supprime le
message de deuxieme type correspondant a la
demande de suppression du deuxieme moyen
de stockage de message (13).

5. Dispositif de commande électronique selon l'un

quelconque des revendications 1 a 4, dans lequel :

le procédé de I'objet est stocké dans un moyen
de stockage de programme prédéterminé (5) ;
un code d’identification destiné a désigner le
procédé de I'objet correspondant au moyen de
traitement élémentaire qui est la destination du
message dans les messages de premier type
et de deuxieme type, et

le moyen de commande d’activation est muni
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d’'un moyen de stockage de position de stockage
(5, 16) qui stocke un code d’identification et les
informations de position de stockage qui repré-
sentent la position de stockage du procédé dé-
signé par le code d’identification dans le moyen 5
de stockage de programme, et est structuré de
fagon a spécifier la position de stockage dans
le moyen de stockage de programme du procé-
dé désigné par le code d'identification contenu
dans le message de premier type affiché depuis 70
le premier moyen de stockage de message (12)
et a commander ainsi le moyen de traitement
élémentaire correspondant a la destination du
message de premier type affiché pour lancer le
processus. 15

6. Dispositif de commande électronique selon lareven-
dication 5, dans lequel :

les informations de position de stockage sont 20
'adresse qui indique la zone de mémoire du
moyen de stockage de programme.
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FIG. 5
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